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In 1905, HABERER1> reported a mortality rate of almost 100 % of animals subjected 
to complete interruption of hepatic arterial blood flow by ligation of this artery, which 
caused extensive liver necrosis. But in 1949, MARKOWITZ et al.2>3> lowered this mortality 
rate from 100% to 35% by the administration of penicillin. HoNJo4> proved that the 
portal circulatory disturbance due to the interruption of hepatic artery was the major 
factor of the development of liver necrosis. Then, NAKASE5> in our laboratory adminis-
tered non-antibiotic drugs such as atropin or dibenamine for the purpose of mitigating 
the portal circulatory disturbance, and prevented the development of extensive liver necrosis 
which is fatal to animals, lowering the mortality rate to 30% which is similar to that of 
penicillin administered cases. Thus, when dogs survived for a long period after the 
interruption of hepatic arterial flow without showing any fatal liver necrosis, we called 
them “portal dogs”， because the blood supply to the liver of those animals depends mainly 
on the portal vein. 
On the other hand, there are many who attributed the 叩 use of shock, especially 
that of irreversible shock, to the liver. The following two theories may be representa-
tive : One is V. D. M. theory by SHORR et aJ.5>7＞り9>; and the other is the bacterial 
toxin theory by FINE and his schooJ1°> 1>. The former insists that generalized hypotension 
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団usesliver anoxia, then ferritin in the liver cels is mobilized and released into th~ bl~od 
stream as vasodepressor material (V. D. M.), breaking down th~. compensa~ory mechams~ 
of the circulatory system. The latter assumes that continuous ltver anox1a 四usespron-
feration of anaerobic organisms in the liver and thus produced toxin, lecithinase, is the 
main agent in the development of irreversible shock. 
Both of these theories agree in that liver anoxia plays an important role in the 
development of irreversible shock. As stated above, portal dogs are deprived of their arter-
ial blood supply to the liver, so it may be questioned how the attitude of these dogs 
may be against shock which is in a close relationship to liver anoxia. ‘ 
The author examined the effect of hemorrhagic shock and portal ligation in portal 
dogs, in order to study the pathophysiology of their liver, with special reference to their 
tolerance to shock. 
EXPERIMENTAL METHODS AND RESULTS 
1) Preparation of the portal dog 
HUGGINS and PosT12l confirmed the fact that ligation of the hepatic artery and its 
largest collaterals, the gastrodrndenal and right gastric, in one stage was always fatal in 
dogs. Besides these collaterals, there are small branches from the left gastric and phrenic 
arteries. However, URABE, 13l lsHIGUR014l and others clarified the fact that the common 
hepョtic,gastroduodenal and right gastric arteries (hereafter, these arteries will be called the 
thτee major hepatic arterie3 in the pre淀川 report),which communicate with the hepatic 
hilum and supply the blood sγstematically to the whole liver, play a decisive role in the 
oxygen supply to the liver, while the other small arterial branches supply the blood only 
to the surface or a localized portion of the liver. 
Mongrel, adult dogs weighing from 6 to 14 kg were used for preparation of the 
portal dog. General anesthesia with intravenous injection of pentobarbital sodium of 25 
mg per kg of bodv weight was applied. Double ligation and severing of the three 
major hepatic arteries and simultaneous cholecystectomy were carried out through an upper 
midline incision. lntraperitoneal injection of aqueous penicillin of 100 000 U. was given 
before the closure of the abdominal回 vityand intramuscular injection of penicillin in oil 
300,000 U. was give:1 immediately after the operation, and further twice every 24 hours. 
The mortality rate of this procedure was 34%. 
There was no si.c;nificant difference in the mortality rate when cholecystectomy was 
added to hepatic arte1 y ligation, but about 50%of survivals develoi:;ed localized bile peri-
tonitis due to perforation of the gal bladder and they were markedly emaciated compared 
with those which did not develop perforation Therefore, in the present experiment the 
cholecystectomy was performed in al 回 sesof hepatic artery ligation. 
According to FRASER15l, KuRAMOT016> and MIYAZAKJ17l, dogs survived for long after the 
Ii同tionof three major hepatic arteries portal dogs usually recovered from postoperative 
impairment of liver function by the 10th postoperative day to nearly normal state. On 
the other hand, URABE13l and lsHIGUR014l made some research on the regeneration of 
the arteries, following the ligation of three major hepatic arteries, by roentgenological 
study or by synthetic resin cast preparation. From their results they found that no col-
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lateral vessels large enough to compensate the ligated three major hepatic arteries have 
developed within two weeks after the operation. 
Referring to these facts, obviously healthy portal dogs were used in the present 
experiment within two weeks after the operation. 
2) Production of hemorrhagic shock 
There are two methods of producing hemorrhagic shock in animals one is ¥VrGGERS-
vVERLE's method川 19)20】， andthe other is LAMSON's one21>. The former retains a certain 
grade of hypotension for a certain period by adequate withdrawal and transfusion of blood, 
and the latter obtains the desired hypotension by connecting an artery to an irrigator with 
a rubber tube to control the amount of bleeding by adjusting the height of its position. 
Usually animals are apt to reveal considerable individual difference in vital response. 
Accordingly, in the study of tolerance to hemorrhagic shock, WrGGERS-WERLE's method 
is not only inconvenient but inaccurate in obtaining a certain pεriodical pattern, since 
blood pressure is the only indicator. 
In LAMSON's method, arbitrary blood pressure is obtainable and regardless of mani-
fold individuality of experimental animals, three stages are easily observed in sequence. 
At first, the bleeding stage appears when continuous bleeding into the bottle is seen, then 
the balanced stage follows when there is no change in blood volume in the bottle, and 
finally the stage of spontaneous return of blood comes in which the disturbance in com-
pensatory mechanism of circulatory system develops and blood pressure decreases so that 
the blood in the bottle automatically returns to the circulatory system of animals. This 
method makes it convenient to discriminate the shock stages from each other. Both 
methods were applied in the present experiment in producing hemorrhagic shock, and 
responses of portal dogs were compared with those of normal ones. 
3) WIGGERS『vVERLE'smethod 
Hemorrhagic shock by W1GGERS-WERLE1s method was carried out on three normal 
and portal dogs, respectively. 
a) Method : Mongrel, adult dogs weighing from 6.5kg to 12kg were used. Under 
general anesthesia with intravenous injection of pentobarbital sodium of 25 mg/kg of 
body weight, bilateral femoral arteries were exposed. Heparin of 5 mg/kg was injected 
intravenously to prevent blood coagulation. A needle of about 1 mm caliber was inserted into 
one of the femoral artery and connected to an electric sphygmomanometer with a vinyl 
tube to monitor arterial blood pressure. The other femoral artery was used for with-
drawal and transfusion of blood. As for the method of producing hemorrhagic shock, the 
standard type by ZWEIFACH et al.2>23> was followed. As shown in Fig. 1, 2.0, 1.0, 0.5 
and 0.25% of the body weight of blood was respectively drawn out at intervals of 15 
minutes. The arterial blood pressure was lowered to moderate hypotension which was 
between 75 and 50 mmHg and maintained within this range for 3 or 4 hours by appro-
priate control of drawing or transfusion of blood according to the blood pressure. With-
drawn blood was reserved in an irrigator. Succeedingly, arterial blood pressure was 
lowered to drastic hypotension, which is below 45 mmHg, by the same procedure and 
maintained in this condition for about 1.5 hours. Then the entire withdrawn blood was 
transfused through the artery. By this transfusion, arterial blood pressure was rapidly 
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elevated and came close to the level maintained before the withdrawal. After that, the 
attitudes of experimental dogs differ吋 from each other, depending upon the animal’s 
condition at the time of the last transfusion. Animals which developed marked lowering 
of blood pressure within two hours and finally driven to death should be said to have 
been in a state of irreversible shock ; and those which maintained the normal blood 
pressure for o¥・er two hours to have been in a reversible shock. When unexplainable 
sudden death occurred or transfusion was impossible due to blood coagulation during the 
experiment, animals were excluded from the results. 
b) Results ・ The results of the experiment are shown in Table 1 and Fig. 2. 
Comparing with the result of FINE et al.10J in normal dogs, bleeding of 5.3% of加dy
weight, S.3 hours of hypotension and 76% of mortality rate and that of ZwEIFACH22J, 
bleeding of 4.0% of body weight, 4.5 to 6.0 hours of hypotension, and 82% of mortality 
rate, a smaler mortality rate was obtained in the present experiment. The duration of 
moderate hypotension in normal dogs was 3.5 hours in each three cases, and that of 
drastic hypotension was 1 to 1 hour and 45 minutes; one回 sedeveloped irreversible shock. 
In the group of portal dogs, the durntion of moderate hypotension was 3 hours and 20 
Table 1 Hemorhagic Shock by WIGGERS-WERLE’s Meth吋
i弘 ~I ¥ ¥" I Arterial Bleeding Volume Period of Period of う可 、,. 日lt p 
Moderate Drastic Iミemitsn. k resure Volume IミariけtoIもκi、H poten H pot on g mm Hg c  Wt. （翌五） y s1on y ens1 
Hr'. :'-11、 Hr,. Mm、．8.0 130 380 1.8 :・L30 l.15 survived 
Controls 2 10.5 14 558 5.3 3.30 1.45 survived 
3 9.0 14 391 4.3 :l.30 1.0 died 
M但n 4.8 :1.30 l.20 
一1.5 126 628 5.5 3.35 1.25 survived 
Portal 5 6.5 124 37-1 5.8 l.15 1.30 survived ［），口、 6 12.0 142 560 4.7 3.20 1.10 died 
・M回n 5.3 3.43 1.2 
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Fig 2. Chang田 ofartererial pr田surein ex戸rimentalanim:ds re伊 rted11 

















minutes to 4 hours and a quater, and that of drastic hypotension was 1 hour and 10 
minutes to 1 hour and a half , one out of three 四S田 developedirreversible shock. In 
both groups, animals showed a similar course and about the same mortality rate. The 
amount of bleeding was 4.3 to 5.3% of bcdy weight in normal dogs (4.8% on the 
average), and 4.7 to 5.8% (5.3% on the average) in portal dogs, nearly the same as 
the former. 
4) LAMSON's method 
Hemorrhagic shock was induced in portal dogs by LAMSON's method and investigation 
was made on arterial pressure (occurrence of irreversible shock), amount of bleeding, value 
of hematocrit and histological findings of the liver comparing the results with those of 
normal dogs. 
A Course of shock 
a) Method : Mongrel, adult dogs weighing from 6 to 14 kg were used. Intravenous 
injection of pentobarbital sodium of 25 mg/kg of bcdy weight was given to obtain gene-
ral anesthesia and 5mg/kg of heparin was also injected intravenously to prevent coagula-
tion. The femoral arteries were exposed on both sides. As shown in Fig. 3, a glass 
tube of about 4 mm田 liberwas inserted into one of the arteries, and was connected to 
an irrigator with a rubber tube. The position of the irrigator was adjusted so that the 
blood level in the bottle was always 68 cm higher than that of the animal’s heart, and 
thus 50 mmHg of arterial blood pr田surewas constantly obtained. During the experiment 
the amount of blood in the bottle was variable every minute and named the bleeding 
volume. The other artery was used for measurement of hematocrit. Fig. 4 shows a 
pattern of the relationship between bleeding volume and blood pressure schematically. 
The blood continuously ran into the bottle in the first 30 minutes to 2 hours after the 
start of bleeding, and then, bleeding stopped and the amount of the blood in the bottle 
bee om田 invariablefor a while. As the compensatory mechanism of the circulatory system 
was disturbed, the blood in the bleeding bcttle gradually moved back to the animal and 
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the death took place 10 to 30 minutes after the blood had returned entirely. 
b) Results : Each of two normal and portal dogs were used and the results of the 
experiment is shown in Table 2. All died 11 to 14 hours after the time when bleeding 
started, and there was no practical difference between portal dogs and normal ones, but 
the maximum bleeding volume was 4.4 and 5.4% of body weight respectively in the 
former, and 4.9 and 3.8% in the later. Fig・5shows the changes of bleeding volume 
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Table 2 Hemけrhぃ日肥 Sheckby LAMSoN's Method 
刷 y Arteri＜ι 
No. I Weight j Pr ;sure Tim七to' iいti什 IOI , 「ー一一 一寸一一 iSurvival 
I I《g I mmHιMax. ＼んolt
! I Bl刊dingα 0,. I I I 
I I '" ~I I川ー I lie~. '"'" ' "・ ~＂＂、ミ t Hes. Mrns lie> lirns.1 H四九l＂＇、 11 『、~＇＂＂
Co山口lsI 7 j 6.7 j 118 1.45 325 , 4.9 j 2.45 , 5.35 7.00 1 10.00 j 11.15 I 11.40 
I 8 I 7.5 I 104 us 285 3.8 I 2.00 ' 3.50 1 8.10 10心o I 1 r.0 11.05 
Po巾 II 12I 8.0 ! 122 0.50 350 1.-1 I 2.05 J.07 4.40 6.30 ! 10.00 I 10.30 
Dcgs I 13! 14.0 I 110 2.0 750 5.4 I 2.30 日 o 6.3o i 12.15 I 13.10 I 13.43 
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with the lapse of time which was expressed in the term of percentage of bleeding volume 
to the maximum bleeding volume. 
B Development of irreversible shock 
According to Suooγ4> experiment, even in the stage of spontaneous blood return, 
if returning of remaining entire blood was rapidly carried out before the spontaneous 
blood return of 15%, normal dogs regained normal blood pressure and no hypotension 
was seen more than 3 or 4 hours following the blood return ; but if blood return was 
marle after the spontaneous blood return of 30%, marked hypotension developed within 1 
to 2 hours and al dogs died in about 3 hours In other words, dogs were in a state 
of reversible shock up to the stage of 15% spontaneous blood return, but at the stage of 
30% spontaneous blood return, they were al in a state of irreversible shock. In the 
pr田entexperiment, this bleeding experiment was reproduced on five portal dogs and 
three normal dogs. 
As shown in Table 3, the interval of time between bleeding and 30% spontaneous 
blood return was 5 to 11 hours and 40 minutes in normal dogs, and 4 hours and 45 
minutes to 10 hours and 45 minutes in portal dogs no significant difference between 
normal dogs and portal ones. But al three normal dogs died about 10 hours after blood 




































































































































































































Controls ' 1 
I JO I 6.0 
11 6.2 
I 14 : 10.0 
15 9.5 
Portal ' i 16 I 8.3 Dogs I ' 
17 7.7 
18 7.5 
bleeding volume was 3.8 to 5.2% (4.5% on the average) of body weight in five normal 
dogs (including the回 sesin which the entire course was closely observed) and 4.4 to 
5.5% (4.9% on the average) of body weight in seven portal dogs. As the same could 
be said in WrGGERS-WERLE's method, almost equal amount of bleeding was necessitated 
in portal dogs in LAMSON's method (Table 4). 
Table 4 Bleeding Volume in Hemorrhagic Shock 
WIGGERS-WERLE’s Method LAMSON’s Method Ratio 
？、守0. Ratio to Body九l¥Teight No. to Body Weight 
。／ノ 手五
1 4.8 7 l.9 
2 5.3 8 3.8 
Controls 3 u 9 1.3 
10 5.2 
1 l.4 
M伺 n 4.8 Mear】 4.5 
1 5.5 12 1.4 
5 5.8 13 5.4 
6 4.7 14 4.4 




l¥le.11 5.3 Mean 4.9 
C : Variation of hematocrit 
MooN25l emphasized the importance of increased permeability of peripheral回pil紅白
in many ty戸sof shock and pointed out the close relationship between the concentration 
of circulating blood and development of shock. In the pr田entexperiment, the value of 
hematocrit was determined in various stages of hemorrhagic shock on both normal and 
portal dogs. 
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a) Method : Just before the bleeding, and e¥・ery hour after that, blood was drawn 
from the femoral artery and 3 mg of potassium oxalate per 1 cc of blood was added as 
an anticoagulant. WrNTROBE tubes were used for centrifugation at 3,000r. p. m. for 30 
minutes. 
b) Results : The value of hematocrit before the bleeding was 18 to 35% in normal 
dogs (25% on the average), while 20 to 34% in portal dogs (27% on the average). 
Its changes during the shock stage did not show any significant difference between normal 
and portal dogs. From the start of bleeding to the balanced stage, which c且me1 to 3 
hours later, the value of hematocrit decreased and became the lowest in the balanced 
stage. Then it gradually increased in the stage of spontaneous blood return, and in most 
四sesrecovered to the level before hemorrhage at the period of 20% spontaneous blood 
return and stil continued to incr回 sethereafter (Fig. 6). 
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D : Histological changes of liver 
It is a well known fact that marked histological change appears in the l1wr at rnn-
ous types of shock. The following experiment was made, in portal dog to detect the 
change of liver tissue following the lapse of time in hemorrhagic shock. 
a) Method Before the bleeding, the abdominal cavity was opened through an 
upper median incision, and a piece of tissue of about a size of 1× 1 cm was obtained 
from the edge of left lobe of the liver. The wound surface was managed by ligature 
for hemostasis. Then, withdrawal of the blood was started, coursing through the bleed-
ing stage, the balanced stage and the stage of spontaneous blood return. A piece of 
liver tissue was obtained in the similar manner, as stated in the above at the time when 
5%, 30% and 70% of maximum bleeding volume was spontaneously returned respective-
ly. Specimens were stained with hematoxylin-eosin solution. 
b) Results The entire course of the bleeding is shown in Fig. 7 and Table 5. 
The maximum bleeding volume was 4.2% of body weight in portal dog and .J.0% in 
normal dog. They were both smaller than the average value of the previous experiment 
(l.9% and 4.5%) ; the length of survival time starting from the beginning of hemorrhage 
was 7 hours and 50 minutes, and 7 hours and 10 minutes respectively, being much 
shorter than that of previous experiment in which it was about 11 hours. This result 
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Changes of bleeding volume (LAMSON’s methodJ 
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may be interpreted 
biopsy. 
There was no marked change in the liver of portal dog macroscopically besides slight 
atrophy of the lobus caudatus and quadratus. The histological findings (hematoxylin-eosin 
staining) were as follows 
There was no marked change in pre-hemorrhagic liver tissue besides mild hyperemia 
of intrahepatic vascular system and mild swelling of liver cells in portal dog (Photo. 1 
operative aggression such as laparotomy or liver the to due be to 
& 2). 
The stage of 5% blood return ・ In normal dog, there was the picture of standstill 
of polynucleated leucocytes around the central vein and GussoN's sheath, decrease in baso-
philism of protoplasm of liver cells around the central vein and peripheral portion of 
lobulus which伺 usedacidophilic stain and turbidity of liver cells with the decrease in 
liver glycogen (Photo. 3). These changes were striking in portal dog than in normal 
dog : vascular filling of GussoN's sheath, central veins and sinusoids was somewhat 
increased, and widened lymph vessels were partly observed. Acidoohilism was extended 
over the whole lobu 
portion of lolコulus(Photo. 4). 
The stage of 30% blood return : Infiltration of leucocytes, acidophilism and turbidity 
of liver cells became more marked in this stage・Fillinεofvessels was observed definitely 
PATHOl'H'i'日IOLOGYOF THE LIVER OF PORTAL fHJC，討 89 






( x 80) 
90 日本外科宝函第33巻第‘1号






PATHOPHYSIOLOGY OF THE LIVER OF PORTAL DOGS 
At the Stage of 30% Spontaneous Return 
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171 
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d connective tissue around central veins and GussoN's sheath appeared to he eclema-an 
wus. Cell atrophy and vacuoles formation were noted in central portion. (Photo. 5) In 
ortal dog, similar findings, as seen in normal one, were also noted hut the picture of 
~ascular filling was more striking, and hemorrhage was distinctly seen around (~ussoN's 
sheath (Photo. 6). 
The stage of 70;;; blood return : In this stage, nearly the same degree of change 
was seen both in portal and normal clog. With marked edema around GussoN's sheath, 
intense hemorrhage was seen around blood vessels, and infiltration of polynucleated leuco-
cytes became pronounced in sinusoids. Cell atrophy and vacuoles formation in central 
portion became distinct and pycnosis or even nuclear disintegration was noted in some 
part of lobules (Photo. 7 & 8). 
Considering the above findings from the point of view of circulatory disturbances or 
parenchymal damages, in the early stage when spontaneous blood return started, i. e. the 
stage of 5 to 30% blood return, the circulatory disturbances appeared earlier and more 
intensely in portal clog than in normal one. The parenchymal damages also appeared 
somewhat greater in portal clog, although there was not so large difference as seen in 
·circulatory disturbances. In 70% spontaneous blood return stage, when irreversible shock 
was definitely established, both circulatory disturbances and parenchymal damages appeared 
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5) Tolerance of portal clogs against portal vein ligation 
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Since 01<.s' report, there have been many who reported that animals died in a short 
period of time after the ligation of the portal vein. No theory was accepted generally 
:egarding the cause of death, but the depletion of the effective circulating blood volume 
Into the splanchnic bed, or acute liver failure was assumed to he the probable cause. 
The author made the portal vein ligation on each of four portal and normal clogs and 
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studied the fluctuation of the arterial and the portal blood pr田sures.
a) Method : Mongrel, adult dogs weighing 7 to 11 kg were used as experimental 
animals. Under general anesthesia with intravenous injection of pentobarbital sodium of 25 
mg/kg, an upper midline incision was made to expose the main branch of portal vesel. 
The bifurcation of splenic vein was identified. The portal vein was ligated at the liver 
side of this b丘町田tion. The portal blood pressure was monitored through a polyethyl-
ene tube, 1 mm incaliber, which was inserted into the portal vein from the distal portion 
of superior mesenteric vein, setting the tip of the tube near the point of portal vein liga-
ti on・ Theother end of the tube was connected to an erected glass tube which contained 
water. The arterial blood pressure was measured by a mercury manometer, which was 
connected to a vinyl tube inserted into the femoral artery. 
b) Results The interval of time from the portal vein ligation to the animal's death 
has been reported to be 66 minutes by ELMANN & COLE, and 70 minutes by SHIMIZU. 25> 









Portal I 27 I Dogs 1 I 
28 I 
Mean I 























Portal Pre剖 re I Survival Period 
mmH20 ; Min. 
120 ；」5
135 I 78 
115 l 46 
140 74 
128 61 
240 I 78 
195 ' 71 
185 44 
150 I 50 
193 ! 63 
(61 minutes on the average) and 44 to 78 minutes in portal dogs (63 minutes on the 
average) revealing no significant difference. Following the lapse of time after the ligation 
of the portal vein, the changes of arterial blood pressure showed a similar pattern in both 
normal and portal dogs. The standstill of blood flow due to the portal vein ligation 
induced marked stagnation of blood in the viscera, and produced rapid decrease in circu-
la ti碍 bloodvolume. Therefore, as shown in Fig. 8, as soon as the portal vein was 
ligated, the arterial blood pressure fel rapidly and became 50 mmHg in 5 to 10 minutes, 
then gradually回 medown to 10 mmHg. After that, rapid fal was noted shortly before 
the death, showing 0 mmHg. 
The portal pressure was estimated to be from 112 to 140 mmH,O, showimg a n 
aver e of 128 mmH20, in normal dogs before the ligation while 150 ~o 240 mmHρ 
193 mmH20 on the average, in portal dogs. According to TsucHIY A 27l, portal pressure 
more than 180 mmH20 should be regarded as portal hypertension. Therefore, it may 
be said that 3 of 4 portal dogs in the present experiment were in a state of portal hyper-
tension. 
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Fig. 8. Changes of arterial and portal presures after portal inlernpt101 
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there was also no significant difference between portal and normal dogs. 'vVith marked 
visceral blood stagnation due to portal block, the portal pressure elevated rapidly and 
reached maximum in 3 to 5 minutes (530 to 710, 595 mmH20 on the average for 
normal dogs, and 550 to 790, 640 mmH20 on the average for portal dogs). After that, 
with the appearance of extensive hemorrhage in the inte3tine and mesenterium, the portal 
pressure began to fal gradually with litle fluctuation showing an almost straight line, and 
returned close to the pre-ligation at the time of death. 
DISCUSSION 
Along with the development of liver surgery, there have been many discussions on 
pathophysiology of hepatic artery ligation. It has been sヨidthat anaerobic bacteria propa-
gate in the liver, and al of the animals die from ensuing massive hepatic necrosis when 
hepatic arterial blood flow is interrupted abruptly in dogs. MARKOWITz23l administered 
penicillin on these animals and lowered the mortality rate from 100 % to 35 % and as-
sumed this effect of penicillin to be attributable to the inhibition of growth of bacteria in 
the liver. NAKASE5l pointed out the fact that a marked decrease in ferritin in the liver 
together with its increase in the blood (the latter was evaluated indirectly from the deter-
mination of A. D. S. in the blood stream) ensued following the hepatic artery ligation, 
and noticed that this change must have played an important role in the development of 
hepatic necrosis. From this point of view, he could prevent the development of fatal 
liver necrosis by the use of atropin or dibenamine which restricts the mobilization of liver 
ferritin into the blood stream or counteracts the action of ferritin. IsHIGUR014l made a 
histological study on the mechanism of the development of hepatic necrosis, and made it 
clear that the decisive factor for this necrosis is not simple anoxia due to the interruption 
of arterial inflow, but a secondary anoxi丘 dueto the circulatory disturbance in the hepatic 
venous and the portal systems, i. e, marked blood stagnation in these systems. Also, 
from the fact that anaerobic bacteria were found not before hut after the lonnation of 
hepatic necrosis, he assumed this growth of bacteria was nothing hut an accessory pheno-
menon following the development or ;moxie hepatic necrosis. FRASER!;)' KtJI./.i\MOT0 16 l 
and Mrv /\i'.i\KI 1 •J observed an absence of development of collaterals at least for two weeks 
after the hepatic artery ligation. The liver function which was once disturbed also 
recovered to a nearly normal level, within 7 to 1() clays after the ligation. These results 
show that liver cells of portal clogs which survived the hepatic artery ligation are well 
adapted to the hypoxic state. 
A copious number of reports have been made on the interrelation between hemorrha-
gic shock and the liver. Although pathological changes in major organs besides the 
liver are not always parallel with the shock process, those of the liver correspond fairly 
well to it. So, it is assumed that the liver is not only the most sensitive organ to anoxia 
in hemorrhagic shock but an organ which may he concerned with the provocation of 
irreversible shock. In this regard, SHOim 6 J advocated V. D. M. theory that V. D. M. 
(ferritin) derived from <moxie liver plays a main role in the development of irreversible 
shock. FINE 10 J explained that the toxin of anaerobic bacteria which grow in ;moxie liver 
plays the main role. Besides these theories, there are many assumptions which empha-
size the role of hepatic anoxia in the development of shock (COHN, etc. 28 )). On the other 
hand, SELKUI<T2 nJ and L1LLEHE1 30 J considered that the liver does not enhance the develop-
ment of the irreversible phase, hut has a preventing effect, and they sought the cause 
of irreversible shock in hemorrhagic necrosis of the intestine clue to circulatory disturbance, 
insisting on the importance of toxic substance derived from its necrotized area. 
Concerning the preventive methods of irreversible shock, there are also many reports. 
By administering antibiotics, FINE and his associates could increase the rate of recovery in 
their standard type of shock-producing experiments. On the other hand, HAimY 31 J and 
ZwEIFACH, based on their results of the same experiment as FINE's, denied the effective-
ness of antibiotics, and LILLEHEI also, evaluating the results of his endotoxin shoe!~ 
experiment, insisted on the ineffectivess of antibiotics. Some reported that hypothermia 
is effective but others" 2J disapproved of this. LILLEHEI'rnJ, Ai'.ISA w i\ 33 J and Suno21 l recog-
nized the effectiveness of an autonomic nerve blocking agent, such as chlorpromazine or 
dibenzyline. This fact attracts our interest, when considered in reference to SHORR's V. 
D. M. theory. Under the administration of chlorpromazine which suppresses the activity 
of metabolism, the liver and other major organs acquire an insensitivity to anoxia, and at 
the same time this drug keeps the vascular stability with its autonomic nerve blocking 
action. Besides blocking the sympathetic hyperactivity, dibenzyline inhibits the SH enzyme 
activity and seems to have some relationship with the metabolism of ferritin which 
becomes vascular-active when combined with SH radical. Therefore, it is assumed that 
this drug has an antishock action by inhibiting the production of ferritin or hy inactivating 
ferritin in the blood flow. 
In the present experiment by W1c;c;rns-\V1·:RLE's method, a certain degree of hypo-
tension was obtained, retaining for the same period of time, without any difference in 
mortality rate between portal and normal dogs. And the amount of bleeding which was 
necessary to bring forth a certain degree of hypotension in portal clogs was nearly the 
l'.\Tll<ll'llYS[(Jl,()(;y <JI: Till-: UVJ·:J~ <JF l'<lln'\I. IHJCS 
same as that in normal clogs. In L\MSON's method also, almost equal was the amount 
of bleeding necessary to reach the balanced stage in both groups. But when the remam-
ing entire blood was returned at the stage of 3()':',~ spontaneous blood return, irreversible 
shock and death occurred in all cases of normal dogs, while in portal clogs, only 2 out 
of 5 died of irreversible shock and the other 3 recovered from shock and survived over 
48 hours. 
From the above results, it was acertained that the liver of portal clogs which had the 
intrahepatic circulatory disturbances immediately after the hepatic artery ligation acqulfes, 
at least, the same degree of adaptability to anoxia as that of normal ones. 
As the histological changes of the liver at the time of shock, vascular filling, especially 
that of the central veins and their surroundings, central necrosis, appearance of watery-
vacuolation, cell infiltration, destruction of the liver structure, and change of mitochondria 
are deemed to he principal findings. Since MooN's34l report, there have been many who 
considered that the development of central necrosis is clue to anoxia. There are also 
many who noticed at the time of shock marked decrease in liver blood flow and reduction 
of oxygen saturation. There is a great similarity between the mechanism of development 
of hepatic necrosis after hepatic artery ligation and that of hepatic necrosis in hemorrhagic 
shock, especially when it progresses to irreversible shock. 
There was no essential difference in histological findings of the liver between those 
before and after the stage of 30~,~ blood return of the maximum bleeding volume, when 
the shock was regarded as being progressing to irreversible one, i. e, at the stage of 15 
to 20% and that of 40% spontaneous blood return. If the entire blood return was 
made in each stage, the progress of pathological changes was arrested in the former, while 
it was aggravated in the latter. From the fact that the respiration coefficient Q0 2 of 
liver tissue falls rapidly at the stage of 30% spontaneous blood return, it is probable that 
in this stage, some severe disturbance in physiological function of the liver, which can 
not be detected by histological examination, may have taken place. 
The histological study of portal clog in the present experiment revealed mild vascular 
filling in the blood vessel of the liver already before the bleeding was started and this 
change became more pronounced after the bleeding in comparison with that of normal 
dog. However, no essential difference was noted in the parenchymal cells of either. In 
other words, there was no histological finding which suggests some change in tolerance 
against bleeding shock in portal clog. 
As for the cause of death following the sudden blockage of portal vein, many expla-
nations have been cleliverecl --such as intoxication theory, neurogenic theory, or hemorrha-
gic shock theory. However, in the present experiment, no difference in survival period 
after the portal ligation was noted between portal and normal clogs. Therefore, it is 
assumed that regarding the cause of death in shock, as ELM.\N et al. have mentioned, the 
liver itself does not participate so much in it, hut the circulatorv disturbance of portal 
system areas seems to plav an predominant role. 
CONCLUSION 
For the study concernmg pathophysiologv of the liver following hepatic artery ]iga-
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tion, shocks by hemorrhage, and by portal vein ligation were produced on portal dogs 
which survi¥・ed the hepatic arten・ interruption by the administration of penicillin. The 
following results were obtained 
1) ~o difference was noted in the rate of development of irreversible shock between 
portal and normal dogs in the hemorrhagic shock by ¥VrGGERs-¥VERLE’s method. And the 
amount of bleeding which is necessitated to bring forth the irreversible shock was 5.3% 
of body weight in portal dogs, and ι.8% in normal dogs. 
2) In hemorrhagic shock by L屯MSON'smethod, the necessitated amount of bleeding 
was 4.9% of body weight in portal dogs and 4.5% in normal ones. 
3) In L山1soN'smethod, the sur¥・i¥・al period after the bleeding revealed no differen-
ce between portal and normal dogs. ¥Vhen artificial rapid blood return was made at 
the stage of 30% spontaneous blood return with the object of causing normovolemic 
shock, in al the normal dogs irreversible shock developed and the animals died, while 
only 2 out of 5 portal dogs developed the shock and the three other dogs survived over 
48 hours. 
4) The changes of hematocrit in portal dogs during the hemorrhagic shock followed 
almost the same course as those of normal ones. 
5) The histological findings of the liver at each stage of hemorrhagic shock sug-
gested somewhat higher degree of circulatory disturbance in portal dog than in normal 
one, but in changes of the parenchyma, no clear-cut difference was noted between the 
two groups. 
6) The fluctuation of arterial and portal blood pressure following portal blood flow 
interruption and the survival period of animals showed no significant difference between 
portal and normal dogs. 
From the above results, portal dogs which sun・i¥・ed the hepatic artery ligation had 
no less tolerance against hemorrhagic shock than normal dogs. 
In concluding my repc川， Iwish to expr朴、 myde!"'t gratitude to Dr. CHJSATO .¥RAK!, profe田orof Kyoto 
l'niver'It¥・ and Dr. kHIO HoNJO, prof四回rof Kana日waUnれでト1tyfor their kind and continuous guidance, 
encouragement and 'L1pef¥ ision 
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Haberer ：）＞肝動脈結殺により肝動脈血流を完全に遮 1) 出血性シ ョックを起すために要した出血量は
断すると，動物l士広汎な肝壊死を起して殆んど JOO% lf'iggers-TVerle氏法で門脈犬が体重の5.3%，正常犬
死に至ることを明らかにしたが，近年Marko制 tz，中 が』.8°oでありp Lamson氏法で門脈犬が4.9%，正常犬
瀬等によってp 肝動脈結去を後ペニシリン或はアトロピ がよ5%で，両者共門脈犬と正常犬との聞に特に差違
ン等を投与することにより，その死亡率が約30%に迄 を認めなかった．
低下することが明らかになった．このように肝動脈結 2) 不可逆yヨック発生率は U'iggers-Werle氏法
査をにより肝臓に流入する動脈血流を遮断し門脈血のみ では有意の差は認められないが，La刑son氏法では30




実験方法 ； 3) 出血性ショック時のへマトクリット値の変動は
1) 門脈犬としては総2干動脈p 胃十.:J行1;.，＼動脈 1えぴ 門脈犬p 正常犬共に同じ経過をとり有意の差iI認られ
右胃動脈の三大動脈を二重結紫p 切断し更に胆嚢を摘 なかった．
出した後ベニシリンを投与して生存し得た術後2週間 4) 出血性ショッグの各時期にlj3:ける肝の組織学的
以内の外観上健康な犬を使用した． 所見ではp 循環障害は正•i； ；；犬に比較して門脈犬にや、
2) 出血性ショック作成法としてはWiggers-Werle 高度に発現しているが，実質障害は両者にそれほど明
氏法と La11son氏法の2方法を試み， 夫 の々方法に於 らかな差はみられなかった．
て不可逆ショック発生率p 出血量p へ7 トクリ‘ソト値 5) 門脈J(!l流遮断による動脈圧や門脈圧の変動及び
の変動，肝細胞の組織学的変化を見た． 生存時間等は両者に有意の差は認められなかったが，
3) 門脈結殺による門脈血流遮断に際して，門脈圧 門脈犬の4例中 3例は portalhypertensionであった．
及び股動脈圧の変動p 死亡時間等を比較検討した． 以上の成績よ りp 出血性ショックに対する抵抗性に
実験成紹1; ついて門脈犬は疋常犬に比べて遜色なしと云える．
